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Abstract

Objective—To describe how practice effects influence cognitive trajectories and determine if a
reduction in practice effects is a potential marker of Stage 3 preclinical AD.

Method—~Participants included 263 older adults who were cognitively normal at baseline
(CDR=0) and returned for an average of 9.5 annual visits. Participants completed standard tests of
episodic memory, visuospatial ability, semantic memory, and executive function. Progressors
(n=66) converted to CDR>0 with a diagnosis of symptomatic AD after a minimum of 3 visits and
Stable participants (n=197) never progressed to CDR>0. Practice effects, defined as the slope of
performance across visits 1-3, were compared between groups and used within-subjects to predict
risk of conversion. Changepoint models that account for retest were contrasted with linear models
that ignore retest.

Results—The Stable group showed practice effects on episodic memory measures (p = 0.14, SE
=.02, p <.0001) but the Progressor group did not (§ = 0.03, SE = .03, p = 0.343). Across all
participants, practice effects on episodic memory tests were associated with a decreased risk of
progression to AD (SHR =0.110, 95% CI 0.032-0.384, p = .001). Finally, use of changepoint
models dramatically altered rate of change estimates compared with models that ignored practice.
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Conclusions—Our results indicate that preclinical AD is marked by a reduction in practice
effects in episodic memory and that the magnitude of gain from retesting is inversely related to
progression risk. Assessment of practice effects may be a face-valid indicator of Stage 3
preclinical AD.
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Introduction

In studies of aging and dementia, repeated neuropsychological assessment at regular
intervals is critical for detecting cognitive change and monitoring dementia progression.
However, cognitive performance typically improves with retesting as participants become
familiar with the test items, the testing environment, and test concepts and strategies. Such
improvement can complicate assessment of cognitive change (Lievens, Buyse, & Sackett,
2005). The magnitude of performance gains over time, termed practice effects, appears to be
influenced by age, educational attainment, 1Q, disease status, and ability levels in specific
domains of cognition such as procedural memory (McCaffrey, Duff, & Westervelt, 2000).
Meta-analytic studies have found that episodic memory abilities best predict the magnitude
of Practice effects (Lievens, Reeve, & Heggestad, 2007) with typical performance gains in
healthy adults of approximately one quarter of a standard deviation from the initial
administration to the first retest (Calamia, Markon, & Tranel, 2012; Hausknecht, Halpert, Di
Paolo, & Moriarty Gerrard, 2007). The first two retests demonstrate the greatest practice
effects, which then diminish with further retesting (Ivnik et al., 2000; Thorndike, 1922). A
spurious accelerated decline or inflection point may occur after the third assessment that
may not be related to disease progression but instead represents the declining influence of
practice effects (Dodge, Wang, Chang, & Ganguli, 2011). Thus, practice effects must be
factored into the interpretation of cognitive trajectories. In progressive dementing disorders
such as Alzheimer’s disease (AD), a lack of performance gains upon retesting can be
interpreted either as stable cognitive performance or as an absence of practice effects due to
underlying disease. Others have shown that an absence of practice effects in clinically
symptomatic individuals with amnestic Mild Cognitive Impairment (aMCI) due to AD is
associated with cognitive decline and worse clinical outcome (Cooper, Lacritz, Weiner,
Rosenberg, & Cullum, 2004; Duff et al., 2007; 2011).

There is now ample evidence from clinicopathological and molecular biomarker studies that
the pathophysiological process of AD may begin more than a decade prior to the onset of
clinically overt cognitive and functional decline (Bateman et al., 2012; Price & Morris,
1999). However, preclinical AD may not be benign as subclinical cognitive deficits have
been reported in cognitively normal (CN) individuals who at autopsy have
neuropathological AD (Price et al., 2009) and the absence of practice effects in CN persons
has been shown to predict autopsy-confirmed AD dementia (Galvin et al., 2005). A
hypothetical model of stages of preclinical AD proposes that the stage just prior to the
appearance of clinically evident cognitive deficits is marked by “subtle cognitive decline”
(Sperling et al., 2011) and, although these subtle changes have been variously

Neuropsychology. Author manuscript; available in PMC 2016 November 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hassenstab et al.

Methods

Participants

Page 3

operationalized, there now is emerging support that their presence is highly predictive of
progression to symptomatic AD (Knopman et al., 2012; Vos et al., 2013). To build on the
relatively few studies of practice effects in asymptomatic individuals who later develop
cognitive impairment (Howieson et al., 2008; Machulda et al., 2013), we aimed to explore
whether the “subtle cognitive decline” proposed for Stage 3 of preclinical AD includes the
absence of practice effects. We hypothesized that CN participants who later develop
clinically manifest cognitive impairment would show less practice effects compared with
CN participants who remain stable. We also hypothesized that the magnitude of
performance gains across the first three assessments would predict progression to
symptomatic AD. Finally, we hypothesized that ignoring the influence of practice effects on
cognitive trajectories would obscure estimates of cognitive decline.

The study population was drawn from participants enrolled in longitudinal studies of aging
and dementia at the Knight Alzheimer’s Disease Research Center (ADRC). Longitudinal
clinical and cognitive data collected from December of 1979 through December of 2012 at
the Knight ADRC were used for analysis. All participants provided written informed
consent and the studies were reviewed and approved by the Human Research Protections
Office at Washington University in St. Louis.

Inclusion/Exclusion criteria

Participants were cognitively normal at study entry (baseline) according to a CDR rating of
0, remained CDR 0 for at least two additional annual assessments after baseline, completed
at least four consecutive annual assessments, completed neuropsychological testing at each
annual assessment, and were aged 65 years and older. Participants were excluded for
incomplete cognitive or other clinical data, if their primary clinical diagnosis after visit three
was uncertain dementia or dementia of an etiology other than AD (i.e., Parkinson’s or Lewy
Body dementia), or if their CDR rating was inconsistent at any timepoint (i.e., fluctuating
between CDR=0 and CDR=0.5). It is important to note that we selected participants who
were clinically normal according to the CDR for at least three consecutive assessments, and
that during the first three assessment periods these participants would not be considered
symptomatic by established criteria for mild cognitive impairment (MCI; Albert et al., 2011;
Petersen et al., 1999). In this study, for initially CN individuals who developed CDR 0.5,
only those with an etiological diagnosis of AD were included. Many of our CDR 0.5/AD
individuals elsewhere are considered as MCI (Storandt, Grant, Miller, & Morris, 2006), or
more recently as “MCI due to AD” (Albert et al., 2011). We use the term “symptomatic
AD” to encompass all individuals from MCI to overt dementia when the etiological
diagnosis is AD, which is confirmed at autopsy in 93% of cases (Berg et al., 1998).

Participant Classification

Progressors (n=66) progressed to a CDR=0.5 with a diagnosis of symptomatic AD after their
third annual visit and remained CDR>O0 for at least one additional annual visit. Stable
participants (n=197) remained CDR=0 during follow-up.
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Practice Effects Definition

The goal of this study was to define practice effects as they are observed in a longitudinal
cohort study, where participants are seen at regular (typically yearly) intervals. Shorter retest
intervals produce the largest practice effects (Theisen, Rapport, Axelrod, & Brines, 1998),
but practice effects remain evident with as much as 7 years between assessments (Salthouse,
Schroeder, & Ferrer, 2004). Practice effects are typically most pronounced between the first
and second retest, with a diminishing effect on subsequent assessments (Calamia et al.,
2012; Ivnik et al., 2000; Thorndike, 1922). Thus, we chose to model the slope of cognitive
performance across the first three yearly assessments and prior to clinical diagnosis in order
to best describe practice effects in the preclinical stage of AD. Sampling practice effects
over longer periods of retest may further compromise our ability to parse practice effects
from age and disease related cognitive decline (Ivnik et al., 2000).

Clinical assessment

The Clinical Dementia Rating scale (CDR(Morris, 1993) was administered by a CDR
certified physician or nurse-clinician at each annual clinical assessment. The CDR is derived
from semi-structured interviews conducted separately with both the participant and a
knowledgeable informant. All participants complete a comprehensive health history,
depression screen, aphasia battery, and neurological examination at each annual assessment.
The CDR is determined independently of the neuropsychological assessment.

Neuropsychological assessment

All participants completed neuropsychological assessment within approximately 2 months
of their clinical evaluation by trained psychometricians. Standardized test scores were
averaged to form four composites derived from factor analytic studies (Johnson, Storandt,
Morris, & Galvin, 2009; Johnson, Storandt, Morris, Langford, & Galvin, 2008). The
episodic memory composite included the Free and Cued Selective Reminding Test free
recall score (FCSRT(Grober, Buschke, Crystal, Bang, & Dresner, 1988), Associate Learning
from the Wechsler Memory Scale (WMS(Wechsler & Stone, 1973) and the immediate and
delayed Recall from the WMS-R Logical Memory test (Wechsler, 1987). The semantic
composite included the Information subtest from the Wechsler Adult Intelligence Scale
(WAIS(Wechsler, 1955), the Boston Naming Test (Goodglass & Kaplan, 1983), and Animal
Naming (Goodglass & Kaplan, 1983). The executive function composite included WMS
Mental Control, Digit Span, and Letter Fluency for S and P. The visuospatial composite
included the WAIS Block Design and Digit Symbol subtests and Trailmaking Test A and B
(Armitage, 1946). A global cognitive composite was created from the average of the four
domain-specific composites. The reference (normative) group used to standardized the tests
prior to forming the composites was a sample of 310 people from the Knight ADRC (age =
74.5 +/- 8.6 years; education = 14.8 +/- 3.2 years) who were enrolled as CDR=0, had at
least one annual follow-up, and never progressed to CDR>0 (Johnson et al., 2009).

Statistical analysis

Demographic characteristics were compared with t-tests for quantitative variables and with
Chi-Square tests for nominal variables. Analysis of covariance was used to test for
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differences in baseline cognitive performance, with age, gender, and education as covariates.
Linear mixed effects models examined the interactive effects of group (Progressor vs.
Stable) and time (in years from baseline) on cognitive performance across the first three
annual assessments using Ime4 (Bates, 2010) in the R statistical software package (www.r-
project.org). Covariates included fixed effects for baseline cognitive score, age at baseline,
the interaction between baseline age and time (years from baseline), gender, education,
presence of one or more apolipoprotein 4 allele (APOE4), time, and group. Random effects
were specified for participants and time. Effects from APOE4 were not significant in any
models and were not included in final analyses. A competing-risks survival analysis using
Fine and Gray’s subdistribution hazards model (SHR; (Fine & Gray, 1999), with time on
study as the timescale, was used to determine if practice effects slopes were associated with
risk of progression to CDR>0. While both SHR and standard Cox hazards models treat
dropout as censored, SHR differs in that mortality is not censored but regarded as a
competing event that can impede progression to symptomatic AD. The PE slopes for each
individual were computed using ordinary least squares regression. SHRs were implemented
using the STCRREG command in STATA v.12 (StataCorp. College Station, TX).
Covariates included baseline cognitive performance, age at baseline, gender, education, and
APOEA4 status. To assess the sensitivity of the survival analyses results to the choice of time
scale and model specification related to age at baseline, analyses were repeated with age as
the time scale accounting for left truncation, including and excluding age at baseline as a
covariate, as well as stratifying by baseline age quartiles. These three alternative approaches
were similar to results using time-on-study as the time scale. Finally, performance
trajectories in all participants were modeled with linear mixed effects models, first assuming
a single linear slope over all assessments and again with a spline model with a changepoint
at the third assessment. This modeled the effects of practice separately from the slope of
performance over all following annual assessments.

Table 1 provides demographic characteristics and baseline cognitive data. Participants were
mostly Caucasian (90.1%). The Stable group was younger at baseline (71.8 years) and had
more females (60.4% female) than Progressors (73.5 years and 54.6% female). Most
participants were college educated (Progressors=15.3 years vs. Stable=15.6 years).
Progressors had more visits (10.1 +/- 4.1 assessments) than stable participants (6.6 +/- 3.9
assessments). Baseline comparisons of cognitive composites, controlling for age, gender,
and education, revealed that Progressors performed worse than the Stable group on the
global cognitive composite (t(251) = 2.00, p = .047) and the visuospatial composite (t(251)
=2.15, p =.032). Comparison of performance on individual cognitive measures at baseline
revealed worse performance in the Progressors on Logical Memory Immediate recall (t(139)
=2.62, p =.009) and the Trailmaking Test Part A (t(256) = -2.55, p = .011). See Table 2 for
cognitive performance across visits 1-3.

Analyses of practice effects slopes (Table 3) revealed significant group by time (defined as
years since baseline) interactions on the episodic memory composite, wherein the Stable
group exhibited more performance gains (p = 0.14, SE = .02, p < 0.001) than the Progressors
(B=0.03, SE =.03, p = 0.343; Figure 1). As mentioned above, the episodic memory

Neuropsychology. Author manuscript; available in PMC 2016 November 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hassenstab et al.

Page 6

composite is composed of three separate episodic memory tasks: Logical Memory,
Associate Memory, and the FCSRT. To determine if one or more individual tests were
driving the effect of the composite result, each test was modeled individually using z-scores.
Only Logical Memory delayed recall exhibited a group by time interaction, with the Stable
group showing a performance gain across the first three assessments (3 = 0.14, SE = .03, p <
0.001) compared to the Progressors (f = —0.16, SE = .10, p = 0.138). There were no
interactive effects of group and time on the visuospatial, semantic memory, executive
function, or global cognitive composites.

In the competing risks survival analyses, the slopes of the cognitive composites across the
first three assessments were used to predict risk of CDR progression. Holding baseline
performance, age, gender, education, and APOE4 status constant, a one unit increase in the
estimated annual slope from baseline to the third assessment in episodic memory
performance was associated with an 89.0% reduced risk of CDR progression (SHR = 0.11,
95% CI 0.032-0.384; p = .001; see Figure 2). Slopes of the visuospatial, executive function,
semantic, and the global composites were unrelated to risk of progression.

To determine if accounting for practice effects provided a better estimate of cognitive
change, we ran two models on all our participants from baseline through their last available
timepoint using the composites for episodic memory and global cognition. The first model
ignored practice effects and assumed a single slope of cognitive performance across time.
The single slope indicated no changes in performance over time on episodic memory (3 =.
005, SE =.011, p = .656) but there was a decline on the global composite (3 = -.0141, SE
=.006, p =.020). The second model considered rates of changes from the first three annual
assessments (which putatively capture the period of maximum practice effects) separately
from performance on all following annual assessments (Table 4). There were positive slopes
across the first three timepoints on both episodic memory ( = .117, SE =.017, p <.001) and
the global composite (3 =.046, SE = .008, p < .001), indicating an effect of practice. The
slope of cognitive performance in remaining assessments was negative for both the episodic
memory composite (p = —.0640, SE =.013, p <.001), and the global composite (3 = —.0483,
SE =.008, p <.001). Overall, these results indicate that episodic memory and global
cognition exhibit practice effects and that failure to consider practice effects in analyses
could mask cognitive decline.

Discussion

The goals of this study were to describe how practice effects influence cognitive functioning
in a longitudinal cohort study of older adults and to determine if an attenuation of practice
effects during the asymptomatic preclinical phase of AD would predict progression to
symptomatic AD. Overall, our results suggest that practice effects dramatically impact
cognitive trajectories in CN older adults and may also distort the true pace of cognitive
decline in the preclinical stage of AD. Asymptomatic participants who later progressed to
symptomatic AD showed greatly reduced performance gains on episodic memory tasks
compared to participants who remained cognitively stable, indicating that a reduction in
practice effects observed at yearly intervals may be a cognitive predictor of incident
symptomatic AD. We also found that the degree of attenuation of practice effects in episodic

Neuropsychology. Author manuscript; available in PMC 2016 November 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hassenstab et al.

Page 7

memory performance was inversely associated with progression risk. Participants who
exhibited year-to-year improvement on episodic memory performance had a substantially
reduced risk of progressing to symptomatic AD, suggesting that a reduced ability to learn
from prior assessments may be an indicator of Stage 3 preclinical AD. Finally, we
demonstrated that ignoring practice effects on tests of episodic memory could obscure
estimates of cognitive change and lead to misinterpretation of results.

Of all of the cognitive composites, including executive function, semantic, visuospatial, and
the global composite, only episodic memory exhibited a significant difference in practice
effects between the Progressors and the Stable group. Subtle changes in episodic memory
are consistent with expectations in the context of preclinical AD progression. According to
the staging theories of preclinical AD (Jack et al., 2010; 2013; Sperling et al., 2011), and
subsequently proven in studies of autosomal-dominant mutation carriers (Bateman et al.,
2012), subtle cognitive changes begin in Stage 3, the penultimate stage prior to clinical
diagnoses such as MCI or very mild AD (CDR=0.5 AD). It is well known that episodic
memory is associated with the structure and function of the medial temporal lobes including
the hippocampus (Aggleton & Brown, 1999; Tulving, 2002) as well as the network of
cortical regions known as the default mode network (Buckner et al., 2005). Several studies
have shown that changes in these regions may begin prior to the appearance of clinical
symptoms of AD (Dickerson et al., 2011; Price & Morris, 1999; Sheline et al., 2010).
Without consideration of practice effects, a lack of intraindividual declines in episodic
memory in the years immediately preceding diagnosis could be considered evidence of
stable cognitive performance.

We next sought to determine if the slope of practice effects on episodic memory could be
used to predict progression to symptomatic AD. We found that the magnitude of attenuation
of practice effects on episodic memory tasks was inversely related to the risk of progression
to symptomatic AD. Participants exhibiting significant practice effects had an 89% reduced
risk of progression. Taken together, results from mixed model analyses combined with
results from survival analyses represent an important finding: a lack of improvement upon
retesting, rather than decline, might represent a clinically relevant manifestation of Stage 3
preclinical AD. These results also highlight the importance of tracking intraindividual
change in cognitive status with serial neuropsychological assessment.

Significant practice effects were only observed on tests of episodic memory, but there were
less consistent group differences in baseline performance on individual episodic memory
measures, which suggests that our results may represent a more subtle deficit in memory
systems that may not be detected by relying on mean score differences in cross-sectional
analyses. It is important to consider what an attenuation of practice effects represents and
whether it indicates a broader phenomenon than subtle impairment in episodic memory. The
literature suggests that practice effects can be observed across a wide range of retest
intervals (Salthouse et al., 2004) and that episodic memory abilities are commonly affected
in the preclinical stage of AD (Grober et al., 2008; Knopman et al., 2012; VVos et al., 2013).
Although the Progressors were beginning to show cognitive decline, they were still
cognitively normal according to the CDR. It is likely that some information was retained
from the prior visit, even after a one-year retest interval, and perhaps more so on measures
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where test instructions direct participants to store information for later recall, as was the case
with our associative recall and narrative recall measures. By design, list learning measures
provide increased exposure to test items during the learning phase and encourage a
particular recall strategy that may carryover in subsequent assessments (Grober et al., 1988;
Tulving, 1967). This may be particularly evident on memory tests with a delayed recall
condition where exposure and strategy use are further reinforced. The fact that we observed
practice effects only on episodic memory measures may be in part due to the increased
exposure to the material and the emphasis on test-taking strategies that is implied by the test
instructions. Thus, there is an aspect of procedural memory as well as item-specific memory
that may carryover from prior administrations. Procedural memory, especially for motor-
related activities, is thought to be preserved in early AD (Zanetti et al., 2001), but it may be
the case that more subtle forms of procedural memory such as test taking strategies show
subtle decline in preclinical disease.

Failure to account for practice effects in serial testing can result in spurious interpretations.
This risk was made clear in analyses in which episodic memory slopes across all participants
were first modeled linearly with no assumption of the influence of practice effects and again
with a changepoint placed at the third assessment (Table 4). Ignoring practice effects
produced a flat slope suggestive of no memory decline over a mean follow-up period of 9.5
visits (11.1 years). The addition of the changepoint yielded dramatically different results.
Slopes after the third assessment exhibited highly significant declines on episodic memory,
suggesting that episodic memory shows strong practice effects and that these effects may
‘mask’ cognitive changes due to aging and disease processes. The risks of ignoring practice
effects have relevance for cognitive enhancement trials as well. Measures that exhibit large
practice effects may make it difficult to determine whether an intervention has truly
evidenced a clinically meaningful improvement in cognitive functioning (Goldberg, Keefe,
Goldman, Robinson, & Harvey, 2010).

To accurately estimate cognitive change, it may be critical to model practice effects relative
to the number of prior study assessments. For example, it is common in analysis of registry
datasets to stratify by age ranges or other criteria without consideration of the number of
prior test administrations. This poses a risk of inaccurately estimating rate of change in
cognition. Participants may exhibit a different slope during their initial assessments due to
practice effects than during follow-up assessments when practice effects have less influence,
thus confounding estimates of cognitive change. One possible solution would be to model a
practice effect with a diminishing return that accounts for the number of prior assessments.

Another consideration is measure-specific practice effects, independent of the number of
prior assessments. This may be important when a new measure is added to the cognitive
battery of an ongoing study. In this scenario, some aspects of practice effects such as testing
environment familiarity and testing expectations will be diminished. However, participants
with several years of prior visits will likely show practice effects on a new measure added to
a study protocol, especially a measure of episodic memory. Future studies should carefully
consider modeling practice effects based on number of prior test administrations.
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There are several limitations in our study. Our measures of cognition are widely used in
aging and dementia studies but due to the historical legacy of our dataset are somewhat
limited in their sensitivity and in scope of cognitive domains. We do not, for example,
include sensitive measures of attentional control, processing speed, or visual memory. Our
participants were, in general, very well-educated and mostly Caucasian. Additional studies
are needed to determine if the results apply more broadly to those at the lower end of
educational attainment and in more diverse ethnic and racial groups. Measuring practice
effects at yearly intervals may not be practical in a clinical setting and therefore the
generalizability of our findings may be limited. There is some evidence that assessment of
practice effects within a shorter test-retest interval is sensitive to early stages of AD,
including aMCI (Darby, Maruff, Collie, & McStephen, 2002; Duff et al., 2011), but
additional studies are needed to determine whether a shorter test-retest interval will be
sensitive to preclinical AD. We do not collect information on prior exposure to cognitive
testing at baseline, therefore we cannot be sure that all participants were naive at baseline to
the experience of cognitive testing and to the content of individual meausres. Finally,
limiting our practice effects model to the first three assessments may underrepresent the
influence of retesting. Although practice effects appear to be maximal on the first two retests
(Calamia et al., 2012; Ivnik et al., 2000; Thorndike, 1922), it is likely that they continue to
impact performance at the fourth assessment and beyond.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Plot of practice effects with LOESS curves for the episodic memory composite z-score in

cognitively normal (CDR 0, n=263) participants who remained normal (“Stable”, n=197), or
progressed to dementia (“Progressors”, CDR>0, n=66) after a minimum of 4 assessments.
Practice effects were defined as the ordinary least squares slope of cognitive performance
across the first three annual assessments, as indicated by the area within the rectangle.
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Figure2.

Cumulative incidence probability of progressing to a CDR=0.5 with an AD diagnosis. The
ordinary least squares slope of episodic memory composite performance across the first
three visits was used to predict survival. Curves were adjusted for age, gender, education,
and APOE genotype. EM = Episodic Memory composite. Participants showing clear
evidence of practice effects (in blue) had the lowest risk of progression.
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Slopes of cognitive performance presented as group (Stable (n=197) and Progressors (n=66)) by time (years

from baseline assessment) interactions. The estimate term represents the slope of the Progressor group

compared to the Stable group as the reference. A) Slopes for first three visits when practice effects are most

pronounced. B) Slopes across all visits. Covariates: age at baseline, gender, education, cognitive score at

baseline, and age at baseline by time interaction.

Cognitive Composites Estimate  SE t p
A) First Three Visits Only

Visuospatial Composite 0.012 0.031  0.380 0.707
Semantic Composite -0.027 0.030 -0.920 0.356
Executive Function Composite 0.046 0.032 1.420 0.158
Episodic Memory Composite -0.107 0.041 -2.620 0.009
Global Cognition Composite -0.015 0.019 -0.810 0.420
B) All Visits

Visuospatial Composite -0.073 0.010 6.984 <0.001
Semantic Composite -0.082 0.007 6.625 <0.001
Executive Function Composite -0.044  0.008 5525 <0.001
Episodic Memory Composite -0.160 0.015 10.240 <0.001
Global Cognition Composite -0.088 0.009 10.010 <0.001

Abbreviations: WMS = Wechsler Memory Scale, SE = standard error. Note: Sample sizes may vary slightly due to missing data.
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